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x� 'HEULV�

R�1HDU�WKH�LPSDFW��GHEULV�LV�WHQV�WR�KXQGUHGV�RI�PHWHUV�
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R�)RUHVWV�IODWWHQHG�WR�D�GLVWDQFH�RI����������NP�
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7KLV�UHSRUW�LV�SUHOLPLQDU\�DQG�KDV�QRW�EHHQ�UHYLHZHG�IRU�FRQIRUPLW\�ZLWK�8�6��*HRORJLFDO�6XUYH\�

HGLWRULDO�VWDQGDUGV���$Q\�XVH�RI�WUDGH��ILUP��RU�SURGXFW�QDPHV�LV�IRU�GHVFULSWLYH�SXUSRVHV�RQO\�DQG�

GRHV�QRW�LPSO\�HQGRUVHPHQW�E\�WKH�8�6��*RYHUQPHQW��

�

$OWKRXJK�WKLV�SURJUDP�KDV�EHHQ�XVHG�E\�WKH�8�6��*HRORJLFDO�6XUYH\��QR�ZDUUDQW\��H[SUHVVHG�RU�

LPSOLHG�� LV�PDGH� E\� WKH�86*6� DV� WR� WKH� DFFXUDF\� DQG� IXQFWLRQLQJ� RI� WKH� SURJUDP� DQG� UHODWHG�

SURJUDP� PDWHULDO�� QRU� VKDOO� WKH� IDFW� RI� GLVWULEXWLRQ� FRQVWLWXWH� DQ\� VXFK� ZDUUDQW\�� DQG� QR�

UHVSRQVLELOLW\�LV�DVVXPHG�E\�WKH�86*6�LQ�FRQQHFWLRQ�WKHUHZLWK��

�

�
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'HVFULSWLRQ�RI�5HSRUW�

�
� 7KLV�UHSRUW�LOOXVWUDWHV��E\�PHDQV�RI�FRPSXWHU�DQLPDWLRQV�DQG�WZR�SDSHU�PRGHOV��KRZ�GLQRVDXUV�

PD\�KDYH�EHFRPH�H[WLQFW�DV�D�UHVXOW�RI�DQ�DVWHURLG�LPSDFW���%\�VWXG\LQJ�WKH�DQLPDWLRQV�DQG�WKH�

SDSHU�PRGHOV��VWXGHQWV�ZLOO�EHWWHU�XQGHUVWDQG�WKH�PDVV�H[WLQFWLRQ¶V�WKDW�KDYH�EHHQ�SDUW�RI�WKH�

(DUWK
V�KLVWRU\��

�

,QFOXGHG�LQ�WKH�SDSHU�DQG�GLVNHWWH�YHUVLRQV�RI�WKLV�UHSRUW�DUH�WHPSODWHV�IRU�PDNLQJ�WKH�WZR�

SDSHU�PRGHOV��LQVWUXFWLRQV�IRU�WKHLU�DVVHPEO\��DQG�D�GLVFXVVLRQ�RI�D�SRVVLEOH�DVWHURLG�LPSDFW�DW�

&KLF[XOXE��0H[LFR���,Q�DGGLWLRQ��WKH�GLVNHWWH�YHUVLRQ�LQFOXGHV�WZR�DQLPDWLRQV�RI�DQ�DVWHURLG�

LPSDFW��RQH�YLHZ�IURP�VSDFH�DQG�WKH�RWKHU�IURP�WKH�(DUWK��

�

0DQ\�SHRSOH�SURYLGHG�KHOS�DQG�HQFRXUDJHPHQW�LQ�WKH�GHYHORSPHQW�RI�WKLV�+\SHU&DUG�VWDFN��

SDUWLFXODUO\�3DJH�0RVLHU��6XH�3ULHVW�DQG�+HQU\�0RRUH���7KLV�UHSRUW�ZDV�HQKDQFHG�E\�UHYLHZV�

IURP�-LP�3LQNHUWRQ�DQG�5LFKDUG�3LNH��

�

5HTXLUHPHQWV�IRU�XVLQJ�WKH�GLVNHWWH�YHUVLRQ�DUH��$SSOH�&RPSXWHU��,QF���+\SHU&DUG����70�

VRIWZDUH�DQG�DQ�$SSOH�0DFLQWRVK70�FRPSXWHU�ZLWK�DQ�LQWHUQDO�GLVN�GULYH���,I�\RX�DUH�XVLQJ�

6\VWHP����ZH�UHFRPPHQG�KDYLQJ�DW�OHDVW���0%�RI�SK\VLFDO�5$0�ZLWK����0%�RI�PHPRU\�

DYDLODEOH�IRU�+\SHU&DUG��

�

7KH�DQLPDWLRQ�LV�DFFRPSDQLHG�E\�VRXQG���,I�QR�VRXQG�LV�KHDUG��FKDQJH�WKH�PHPRU\�RI�

+\SHU&DUG�WR�����.�DQG�HQVXUH�WKDW�WKH�FRQWURO�SDQHO��6RXQG���ZKLFK�LV�LQ�WKH��&RQWURO�3DQHOV��

IROGHU�XQGHU�WKH��$SSOH��PHQX�KDV�WKH�YROXPH�VHW�WR�DW�OHDVW����7R�FKDQJH�WKH�PHPRU\�DYDLODEOH�

WR�+\SHU&DUG��TXLW�WKLV�VWDFN���+LJKOLJKW�WKH�+\SHU&DUG�SURJUDP�LFRQ�DQG�FKRRVH��*HW�,QIR��

IURP�WKH�)LOH�0HQX���&KDQJH�WKH��PHPRU\�UHTXLUHPHQWV��WR�����.�DQG�VWDUW�WKLV�VWDFN�DJDLQ��

�

3XUFKDVHUV�RI�WKH�GLVNHWWH�YHUVLRQ�RI�WKLV�UHSRUW��ZKLFK�LQFOXGHV�DOO�RI�WKH�WH[W�DQG�JUDSKLFV��

FDQ�XVH�+\SHU&DUG����70VRIWZDUH��QRW�VXSSOLHG��WR�FKDQJH�WKH�PRGHO��E\�DGGLQJ�SDWWHUQV��

V\PEROV��FRORUV��HWF���RU�WR�WUDQVIHU�WKH�PRGHO�WR�RWKHU�JUDSKLFV�VRIWZDUH�SDFNDJHV��

�

7R�VHH�WKH�HQWLUH�SDJH��FDUG�VL]H��0DF3DLQW���VHOHFW��6FUROO��IURP�WKH��*R��PHQX�DQG�PRYH�

WKH�KDQG�SRLQWHU�LQ�WKH�VFUROO�ZLQGRZ���,I�\RX�DUH�H[SHULHQFLQJ�WURXEOH�ZLWK�XVHU�OHYHO�EXWWRQV��

VHOHFW��PHVVDJH��IURP�WKH��*R��PHQX���7\SH��PDJLF��LQ�WKH�PHVVDJH�ER[�DQG�SUHVV�UHWXUQ���

7KUHH�PRUH�XVHU�OHYHO�EXWWRQV�VKRXOG�DSSHDU��

�

7KH�GDWH�RI�WKLV�2SHQ�)LOH�5HSRUW�LV������������2)5��������$��SDSHU�FRS\����S���2)5����

����%������LQ��0DFLQWRVK�����0%�KLJK�GHQVLW\�GLVNHWWH��

�

7R�RUGHU�WKLV�UHSRUW��FRQWDFW��

�

86*6�(6,&�2SHQ�)LOH�5HSRUW�6HFWLRQ�

%R[��������06�����

'HQYHU�)HGHUDO�&HQWHU�

'HQYHU��&2������������

RU�FDOO�����������������

�
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7HDFKHUV�*XLGH�
�

$VWHURLG�,PSDFW�RQ�(DUWK�

�

7KURXJKRXW�(DUWK
V�KLVWRU\�VHYHUDO�HSLVRGHV�RI�PDVV�H[WLQFWLRQ¶V�KDYH�UHVXOWHG�LQ�WKH�

GLVDSSHDUDQFH�RI�PRUH�WKDQ�����RI�DOO�NQRZQ�VSHFLHV�RI�OLIH�LQ�D�UHODWLYHO\�JHRORJLFDO�LQVWDQW��

�XVXDOO\�OHVV�WKDQ���PLOOLRQ�\HDUV����0DQ\�WKHRULHV�KDYH�EHHQ�SURSRVHG�WR�H[SODLQ�WKLV�VXGGHQ�

ORVV�RI�ELRGLYHUVLW\���7KLV�+\SHU&DUG�DQLPDWLRQ�LOOXVWUDWHV�MXVW�RQH�RI�WKHVH�WKHRULHV��WKH�WKHRU\�

WKDW�VHHNV�WR�H[SODLQ�ZK\�WKH�GLQRVDXUV�VXGGHQO\�ZHQW�H[WLQFW�DERXW����PLOOLRQ�\HDUV�DJR���

7KRXJK�WKH�FRQQHFWLRQ�EHWZHHQ�WKH�H[WLQFWLRQ�RI�WKH�GLQRVDXUV�DQG�DQ�H[WUDWHUUHVWULDO�LPSDFW�

HYHQW�KDV�EHHQ�SURSRVHG�VHYHUDO�WLPHV��D�SLHFH�RI�WKH�SX]]OH�ZDV�DOZD\V�PLVVLQJ���$OO�WKDW�

FKDQJHG�ZLWK�D�K\SRWKHVLV�WKDW�EURXJKW�WRJHWKHU�WKH�ILHOGV�RI�ELRORJ\��JHRFKHPLVWU\��DQG�

DVWURQRP\��

�

7KH�FXUUHQW�DVWHURLG�K\SRWKHVLV�GDWHV�EDFN�WR������ZKHQ�D�WHDP�RI�VFLHQWLVWV�DW�WKH�8QLYHUVLW\�

RI�&DOLIRUQLD�DW�%HUNHOH\�VXJJHVWHG�WKDW�VXFK�DQ�LPSDFW�PLJKW�KDYH�FDXVHG�WKH�ZRUOGZLGH�GHPLVH�

RI�PDQ\�RUJDQLVPV�DW�WKH�HQG�RI�WKH�&UHWDFHRXV�3HULRG���:KDW�WKH�VFLHQWLVWV�DW�%HUNHOH\�

GHVFULEHG�ZDV�D�WKLQ�OD\HU�RI�FOD\�IRXQG�LQ�DQFLHQW�PDULQH�VHGLPHQWV�LQ�,WDO\��ZKLFK�FRQWDLQHG�DQ�

XQXVXDOO\�KLJK�FRQFHQWUDWLRQ�RI�LULGLXP�DQG�RVPLXP���7KHVH�WZR�HOHPHQWV�DUH�FRPPRQ�LQ�

PHWHRULWHV�DQG�SUREDEO\�H[LVW�LQ�WKH�(DUWK
V�FRUH��EXW�DUH�DEVHQW�IURP�FRQWLQHQWDO�DQG�RFHDQLF�

URFNV�LQ�WKH�FUXVW���7KH�VFLHQWLVWV�DOVR�QRWHG�WKDW�FHUWDLQ�NLQGV�RI�PLFURVFRSLF�RUJDQLVPV��FDOOHG�

IRUDPLQLIHUV��DUH�QRW�IRXQG�LQ�WKH�\RXQJHU�GHSRVLWV�DERYH�WKLV�FOD\�OD\HU���7KH�OD\HU�PDUNV�WKH�

&UHWDFHRXV�7HUWLDU\��.�7��ERXQGDU\��ZKLFK�LV�DOVR�WKH�ERXQGDU\�EHWZHHQ�WKH��$JH�RI�5HSWLOHV��

DQG�WKH��$JH�RI�0DPPDOV���7KH�$OYDUH]�K\SRWKHVLV�QDPHG�IRU�:DOWHU�$OYDUH]��WKH�OHDGHU�RI�WKH�

%HUNHOH\�JURXS�VXJJHVWHG�WKDW�WKH�ODUJH�FRQFHQWUDWLRQ�RI�WKH�UDUH�HOHPHQWV�LULGLXP�DQG�RVPLXP�

LQ�WKLV�FOD\�OD\HU�ZDV�GXH�WR�WKH�DFFXPXODWLRQ�RI�GXVW�JHQHUDWHG�E\�WKH�LPSDFW�RI�D�ODUJH�DVWHURLG�

KLWWLQJ�WKH�VXUIDFH�RI�WKH�(DUWK��

�

$W�WKH�WLPH��VFLHQWLVWV�KDG�NQRZOHGJH�RI�PDQ\�VPDOO�LPSDFW�FUDWHUV�RQ�WKH�(DUWK
V�VXUIDFH�EXW�

KDG�OLWWOH�HYLGHQFH�RI�YHU\�ODUJH�LPSDFW�FUDWHUV��

�

0RUH�UHFHQW�UHVHDUFK�ORFDWHG�WKH�PRVW�OLNHO\�VLWH�RI�WKH�DVWHURLG�LPSDFW���$�ODUJH�EXULHG�FUDWHU�

ORFDWHG�RQ�WKH�QRUWKHUQ�FRDVW�RI�0H[LFR
V�<XFDWDQ�3HQLQVXOD��)LJ�����ZDV�GHVFULEHG�E\�$ODQ�

+LOGHEUDQG��DW�WKH�8QLYHUVLW\�RI�$UL]RQD�LQ��������7KLV�YHU\�ODUJH�IHDWXUH�QRZ�NQRZQ�DV�WKH�

&KLF[XOXE�&UDWHU��SURQRXQFHG�&+,&.�VKRH�ORRE���LV�����NLORPHWHUV�LQ�GLDPHWHU�DQG�KDV�

FKDUDFWHULVWLFV�VLPLODU�WR�WKRVH�RI�LPSDFW�FUDWHUV�RQ�WKH�PRRQ�DQG�RWKHU�SODQHWV���7KH�URFNV�ZLWKLQ�

WKH�&KLF[XOXE�&UDWHU�FRQWDLQ�VKRFNHG�JUDQLWH���7KH�SUHVHQFH�RI�VKRFNHG�TXDUW]�SURYLGHV�

DGGLWLRQDO�HYLGHQFH�LQ�VXSSRUW�RI�WKH�LPSDFW�WKHRU\���6SHFLDO�IHDWXUHV�VXFK�DV�LQ�WKHVH�URFNV�

LQGLFDWH�WKDW�D�YLROHQW�IRUFH�VKRFNHG�WKH�TXDUW]�JUDLQV��

�

$Q�DVWHURLG�LPSDFW�DOVR�ZRXOG�KDYH�WKURZQ�D�ODUJH�DPRXQW�RI�GXVW�LQWR�WKH�DWPRVSKHUH��

SUHYHQWLQJ�VXQOLJKW�IURP�UHDFKLQJ�WKH�VXUIDFH�DQG�GLVUXSWLQJ�WKH�(DUWK
V�KHDW�EDODQFH�IRU�WHQV�RI�

\HDUV��LI�QRW�FHQWXULHV���7HUUHVWULDO�DQG�RFHDQLF�DQLPDOV�DQG�SODQWV��ERWK�ODUJH�DQG�VPDOO��ZRXOG�

EH�DIIHFWHG�E\�WKH�LPSDFW���%HFDXVH�WKH�DVWHURLG�YDSRUL]HG�OLPHVWRQH��D�KXJH�SXOVH�RI�FDUERQ�

GLR[LGH�ZDV�HMHFWHG�LQWR�WKH�DLU�FUHDWLQJ�D�JUHHQKRXVH�HIIHFW���:KHQ�PL[HG�ZLWK�UDLQ�WKH�VXOIXU�

ULFK�GXVW�ZRXOG�SURGXFH�DQ��DFLG�UDLQ���GLOXWHG�VXOIXULF�DFLG��ZKLFK�DORQJ�ZLWK�WKH�GHFUHDVH�LQ�

OLJKW�QHFHVVDU\�IRU�SKRWRV\QWKHVLV��VWUHVVHG�RU�GHVWUR\HG�WKH�ODQG�SODQWV���0DQ\�RI�WKH�
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PLFURVFRSLF�PDULQH�SODQWV�SHULVKHG�DSSUR[LPDWHO\����PLOOLRQ�\HDUV�DJR���:LWK�WKH�GLVDSSHDUDQFH�

RI�WKHVH�RUJDQLVPV��WKH�IRRG�FKDLQ�ZDV�GLVUXSWHG�DQG�PDULQH�DQLPDOV��ZKLFK�FRQVXPHG�WKHVH�

SODQWV��VWDUWHG�WR�GLH�RII���$�VLPLODU�SDWWHUQ�LV�VHHQ�RQ�ODQG��ZKHUH�ODQG�SODQWV�DOVR�VWDUWHG�WR�GLH�

RII��

�

�

�

:LWK�WKH�EDVH�RI�WKH�IRRG�FKDLQ�GHVWUR\HG�ERWK�RQ�ODQG�DQG�LQ�WKH�RFHDQ��DQG�JOREDO�

WHPSHUDWXUHV�GURSSLQJ��WKH�GLQRVDXUV��ZKLFK�EHORQJ�WR�D�FODVV�RI�DQLPDOV�FDOOHG�UHSWLOHV��DOVR�

GLVDSSHDUHG���3DOHRQWRORJLVWV�KDYH�HVWLPDWHG�WKDW�PRUH�WKDQ�KDOI�RI�DOO�WKH�VSHFLHV�RI�SODQWV�DQG�

DQLPDOV�SHULVKHG�DSSUR[LPDWHO\����PLOOLRQ�\HDUV�DJR���7KH�VPDOOHU�DQLPDOV��LQFOXGLQJ�DQFHVWUDO�

PDPPDOV��KDG�D�EHWWHU�FKDQFH�WR�VXUYLYH�E\�IHHGLQJ�RQ�LQVHFWV�DQG�GHFD\LQJ�YHJHWDWLRQ���

%HFDXVH�WKH�IRVVLO�UHFRUG�LV�QRW�SHUIHFW�DQG�WKH�UHDVRQV�ZK\�DQLPDOV�DQG�SODQWV�EHFRPH�H[WLQFW�LV�

QRW�NQRZQ�H[DFWO\��WKH�DVWHURLG�LPSDFW�K\SRWKHVLV�LV�MXVW�RQH�RI�VHYHUDO�K\SRWKHVHV�IRU�WKH�JUHDW�

GLH�RII�DW�WKH�HQG�RI�WKH�0HVR]RLF�(UD���7KHUH�DUH�PDQ\�XQUHVROYHG�TXHVWLRQV�UHJDUGLQJ�WKH�

FRQFHSW�DQG�QDWXUH�RI�PDVV�H[WLQFWLRQV���%\�JDLQLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�H[WLQFWLRQ�WKDW�

RFFXUUHG�DW�WKH�.�7�ERXQGDU\�ZH�PD\�JDLQ�D�EHWWHU�YLHZ�RI�ZKDW��FRXOG��KDSSHQ�WR�KXPDQ�OLIH�LQ�

WKH�IXWXUH��

�

$OWKRXJK�WKH�DVWHURLG�LPSDFW�DSSHDUV�WR�KDYH�DIIHFWHG�PDULQH�OLIH�DV�PXFK�DV�WHUUHVWULDO�OLIH�

ZH�KDYH�OLPLWHG�RXU�+\SHU&DUG�DQLPDWLRQ�WR�MXVW�WZR�JURXSV�RI�ODQG�DQLPDOV���:H�ZLOO�XVH�WKH�

FHUDWRSVLDQV���KRUQHG��GLQRVDXUV��DQG�WKH�SWHURVDXULD��IO\LQJ�UHSWLOHV��DV�H[DPSOHV�RI�ODQG�

DQLPDOV�ZKLFK�GLVDSSHDUHG����PLOOLRQ�\HDUV�DJR�DW�WKH�HQG�RI�WKH�&UHWDFHRXV��

�

�
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�

�

,QWURGXFWLRQ�WR�WKH�&HUDWRSVLDQV���7KH�+RUQHG�)DFHG�'LQRVDXUV�
�

7KH�FHUDWRSVLDQV�EHORQJHG�WR�WKH�JURXS�RI�GLQRVDXUV�NQRZQ�DV�RPLWKLVFKLDQV��RU��ELUG�

KLSSHG��GLQRVDXUV���$ERXW�����PLOOLRQ�\HDUV�DJR��GXULQJ�WKH�/DWH�&UHWDFHRXV��FHUDWRSVLDQV�EHJDQ�

WR�GLYHUVLI\�LQ�1RUWK�$PHULFD�DQG�$VLD���$V�FHUDWRSVLDQV�HYROYHG��D�ZLGH�YDULHW\�RI�IULOO�VL]HV�

DQG�VKDSHV��DV�ZHOO�DV�YDULDWLRQV�LQ�WKH�QXPEHU��ORFDWLRQ��DQG�VL]H�RI�KRUQV�GHYHORSHG���7KLV�

GLYHUVLW\�LQ�KRUQV�LV�PDWFKHG�E\�WKH�GLYHUVLW\�RI�KRUQV�IRXQG�RQ�$IULFDQ�DQWHORSHV�WRGD\���7KHVH�

ODUJH�KRUQHG�RU�IULOOHG�GLQRVDXUV�FDQ�EH�GLYLGHG�LQWR�JURXSV�EDVHG�RQ�WKH�OHQJWK�RI�WKHLU�IULOO���7KH�

7RURVDXUXV��EXOO�OL]DUG��LV�DQ�H[DPSOH�RI�D�ORQJ�IULOOHG�FHUDWRSVLDQ���7KH�DQLPDOV�FRXOG�DWWDLQ�D�

OHQJWK�RI����IHHW�DQG�ZHLJK���WR���WRQV��7KH�7ULFHUDWRSV��WKUHH�KRUQHG�IDFH��LV�D�JRRG�H[DPSOH�RI�

D�VKRUW�IULOOHG�FHUDWRSVLDQ���$�7ULFHUDWRSV�PLJKW�EH�XS�WR����IHHW�ORQJ�DQG�ZHLJK�DV�PXFK�DV���

WRQV��

�

.�7�ERXQGDU\�

���PLOOLRQ�\HDUV�DJR��
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$OWKRXJK�QR�FHUDWRSVLDQV�DUH�OLYLQJ�WRGD\��D�PRGHUQ�HFRORJLFDO�DQDORJ�ZRXOG�EH�WKH�HOHSKDQW�

RU�UKLQRFHURV��ODUJH�KHUELYRUHV�WKDW�WUDYHO�LQ�KHUGV���%RWK�WKHVH�DQLPDOV�XVH�WKHLU�KRUQV�WXVNV�WR�

SURWHFW�WKHPVHOYHV���7KH�URZV�RI�JULQGLQJ�FKHHN�WHHWK�DQG�WKHLU��EHDN��OLNH�VQRXW�VXJJHVW�WKDW�

WKHVH�DQLPDOV�IHG�RQ�WRXJK�YHJHWDWLRQ���/LNH�HOHSKDQWV��FHUDWRSVLDQV�SUREDEO\�WUDYHOHG�LQ�KHUGV�

IRU�SURWHFWLRQ�DJDLQVW�DWWDFNV�IURP�SUHGDWRUV�OLNH�7\UDQQRVDXUV���(YLGHQFH�WKDW�WKH�DQLPDOV�

WUDYHOHG�LQ�KHUGV�FRPHV�IURP�IRVVLO��ERQH�EHGV��LQ�WKH�ZHVWHUQ�8QLWHG�6WDWHV�WKDW�FRQWDLQ�ERQHV�

RI�KXQGUHGV�RI�LQGLYLGXDOV�RI�WKH�VDPH�VSHFLHV���0RVW�RI�WKH�7ULFHUDWRSV�IRVVLOV�DUH�IRXQG�RQO\�LQ�

URFNV�RI�/DWH�&UHWDFHRXV�DJH�LQ�1RUWK�$PHULFD��

�

,QWURGXFWLRQ�WR�3WHURVDXULD���7KH�)O\LQJ�5HSWLOHV�
�

7KHVH�IO\LQJ�UHSWLOHV�UXOHG�WKH�VNLHV�LQ�WKH�/DWH�7ULDVVLF��-XUDVVLF�DQG�&UHWDFHRXV�3HULRGV�RI�

WKH�0HVR]RLF�(UD���7KH�SWHURVDXUV��*UHHN�IRU��ZLQJHG�OL]DUG���LQFOXGHG�WKH�ODUJHVW�YHUWHEUDWHV�

HYHU�NQRZQ�WR�IO\���7KH�SWHURVDXUV�FDQ�EH�GLYLGHG�LQWR�WZR�JURXSV�EDVHG�RQ�WKH�OHQJWK�RI�WKHLU�

WDLO���$�ORQJ�WDLOHG�YDULHW\��5KDPSKRUK\QFKRLGHD��ZDV�WKH�GRPLQDQW�IRUP�LQ�WKH�-XUDVVLF��ZLWK�

WKH�VKRUW�WDLOHG�YDULHW\��3WHURGDFW\ORLGHD��EHLQJ�GRPLQDQW�LQ�WKH�&UHWDFHRXV���)RVVLOV�RI�WKH�

&UHWDFHRXV�SWHURVDXUV�DUH�IRXQG�RQ�DOO�FRQWLQHQWV�H[FHSW�$QWDUFWLFD��

�

7KH�PDMRU�IHDWXUH�RI�WKH�&UHWDFHRXV�SWHURVDXUV�ZDV�WKHLU�VL]H��ZLWK�VRPH�IRUPV�KDYLQJ�

ZLQJVSDQV�RI�QHDUO\����PHWHUV�RU����IHHW���0RVW�SWHURVDXUV�OLYHG�QHDU�ZDWHU��RQ�WKH�FRDVW�RU�

LVODQGV���7KH\�IHG�RQ�DTXDWLF�OLIH�DQG�ZHUH�VSHFLDOL]HG�IHHGHUV���6RPH�IRUPV�KDG�ORQJ�VOHQGHU�

WHHWK��ZKLFK�ZHUH�XVHG�WR�JDWKHU�DQG�ILOWHU�VPDOO�RUJDQLVPV���2WKHU�IRUPV�KDG�VKDUS�SRLQWHG�

EHDNV�ZLWK�VWURQJ�FUXVKLQJ�WHHWK��ZKLFK�FRXOG�VSHDU�ILVK�RU�FUXVK�WKH�VKHOOV�RI�FUDEV��FODPV��DQG�

VQDLOV���3WHURVDXUV�ZHUH�JOLGHUV�DQG�KDG�D�IO\LQJ�OLIHVW\OH�ZLWK�YHU\�VSHFLDOL]HG�IHHGLQJ�

DGDSWDWLRQV���+RZHYHU�D�GLVUXSWLRQ�LQ�WKH�HQYLURQPHQW��IRU�H[DPSOH��DQ�DVWHURLG�LPSDFW��PD\�

KDYH�FKDQJHG�WKH�DLU�DQG�RFHDQ�WHPSHUDWXUHV�RQ�D�JOREDO�VFDOH���*OREDO�FRROLQJ�PD\�KDYH�

FKDQJHG�WKH�VHDVRQDO�ZLQG�SDWWHUQV���7KH�SWHURVDXUV�WKDW�OLYHG�DW�WKH�HQG�RI�WKH�&UHWDFHRXV�ZHUH�

DGDSWHG�WR�IO\LQJ�LQ�D�OLJKW�ZLQG���$�VOLJKW�FKDQJH�LQ�ZLQG�VSHHG�PD\�KDYH�PDGH�IOLJKW�GLIILFXOW�

IRU�WKHVH�UHSWLOHV���$OWKRXJK�WKH�UHDVRQ�IRU�WKH�H[WLQFWLRQ�RI�WKH�SWHURVDXUV�UHPDLQV�XQFOHDU�ZH�GR�

NQRZ�WKDW�WKH�IO\LQJ�UHSWLOHV�GLG�QRW�FURVV��VXUYLYH��WKH�.�7�ERXQGDU\��

�

4XHVWLRQV�
�

���+RZ�ORQJ�DJR�GLG�WKH�GLQRVDXUV�GLH�RII"�

���:KDW�HYLGHQFH�GR�ZH�KDYH�IRU�DVWHURLG�LPSDFW�RQ�(DUWK"�

���$UH�WKHUH�RWKHU�LPSDFW�FUDWHUV�RQ�(DUWK�EHVLGHV�&KLF[XOXE�&UDWHU"�

���+RZ�ZRXOG�D�ODUJH�DVWHURLG�LPSDFW�RQ�WKH�(DUWK
V�VXUIDFH�FKDQJH�WKH�FOLPDWH"�&RXOG�WKH�

FOLPDWH�EHFRPH�ZDUPHU"�

���:KHQ�ZDWHU�DQG�VXOIXU�DUH�FRPELQHG��DQ�DFLG�LV�IRUPHG��ZKDW�LV�WKH�QDPH�RI�WKLV�DFLG"�

���$IWHU�DQ�DVWHURLG�LPSDFW�ZK\�ZRXOG�D�VPDOO�PDPPDO�KDYH�D�EHWWHU�FKDQFH�RI�VXUYLYDO�WKDQ�D�

ODUJH�GLQRVDXU"�

���:KDW�PRGHUQ�DQLPDOV�DUH�VLPLODU�LQ�VL]H�WR�D�WULFHUDWRSV"�

���7KH�SDSHU�PRGHO�RI�D�SWHURVDXU�KDV�D�VKRUW�WDLO��ZKDW�LV�WKLV�YDULHW\�RI�SWHURVDXU�FDOOHG"�

���&RXOG�D�PDVV�H[WLQFWLRQ�FDXVHG�E\�DQ�DVWHURLG�LPSDFW�KDSSHQ�DJDLQ"�
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*ORVVDU\�
�

$VWHURLG���$�VPDOO�SODQHW��VPDOOHU�WKDQ�DQ\�RI�RXU�VRODU�V\VWHP
V�PDMRU�SODQHWV��DQG�WKHLU�

VDWHOOLWHV��LQ�RUELW�DURXQG�WKH�VXQ���0RVW�DVWHURLGV�KDYH�RUELWV�EHWZHHQ�0DUV�DQG�-XSLWHU�DQG�GR�

QRW�FRPH�IURP�RXWVLGH�RI�RXU�VRODU�V\VWHP���6RPH�DVWHURLGV�SDVV�TXLWH�FORVH�WR�(DUWK��

�

&HQR]RLF�(UD���7KH�JHRORJLF�WLPH�LQWHUYDO�DIWHU�WKH�0HVR]RLF�(UD���$OVR�NQRZQ�DV�WKH�SHULRG�RI�

�5HFHQW�/LIH��DQG��$JH�RI�0DPPDOV����7KH�&HQR]RLF�LQFOXGHV�WKH�ODVW����PLOOLRQ�\HDUV�RI�

(DUWK
V�KLVWRU\��

�

&HUDWRSVLDQ���$�JHQHUDO�QDPH�IRU�WKH�KRUQHG�IDFHG�GLQRVDXUV���&HUDWRSVLDQ�ZHUH�ODUJH�

KHUELYRUHV��SODQW�HDWHUV���

�

&KLF[XOXE�&UDWHU���7KLV�DUHD�LV�WKH�PRVW�OLNHO\�SODFH�IRU�WKH�LPSDFW�FUDWHU�WKDW�IRUPHG�ZKHQ�DQ�

DVWHURLG�KLW�WKH�(DUWK����PLOOLRQ�\HDUV�DJR���,W�LV�ORFDWHG�EHQHDWK�WKH�VXUIDFH�RI�WKH�QRUWKHUQ�FRDVW�

RI�WKH�<XFDWDQ�3HQLQVXOD�LQ�0H[LFR��

�

&UHWDFHRXV�3HULRG���7KH�ODVW�SHULRG�LQ�WKH�0HVR]RLF�(UD���7KH�&UHWDFHRXV�ODVWHG�IURP�����WR����

PLOOLRQ�\HDUV�DJR��

�

([WUDWHUUHVWULDO�REMHFW���$Q�REMHFW��QRW�IURP�WKH�(DUWK��IORDWLQJ�LQ�VSDFH��

�

)ULOO��� $�ERQ\�SODWH��VKLHOG��DURXQG�WKH�QHFN�RI�DQ�DQLPDO�WKDW�SURWHFWV�WKH�KHDG�DQG�SURYLGHV�

VXSSRUW�IRU�WKH�SRZHUIXO�PXVFOHV�WKDW�ZRUN�WKH�MDZ��

�

,ULGLXP���5DUH�RQ�(DUWK��$�VLOYHU\�ZKLWH��KDUG��EULWWOH��YHU\�KHDY\�PHWDOOLF�HOHPHQW���,WV�

FKHPLFDO�V\PERO�LV�,U��

�

-XUDVVLF�3HULRG���7KH�PLGGOH�SHULRG�RI�WKH�0HVR]RLF�(UD���7KH�-XUDVVLF�ODVWHG�IURP�����WR�O���

PLOOLRQ�\HDUV�DJR��

�

0HVR]RLF�(UD���7KH�WLPH�LQWHUYDO�EHWZHHQ�WKH�3DOHR]RLF�DQG�&HQR]RLF�(UDV���7KH�0HVR]RLF�(UD�

ODVWHG�IURP�����WR����PLOOLRQ�\HDUV�DJR�DQG�LV�FRPPRQO\�UHIHUUHG�WR�DV�WKH��$JH�RI�5HSWLOHV���

�

.�7�ERXQGDU\���7KH�WLPH�ERXQGDU\�EHWZHHQ�WKH�&UHWDFHRXV���.���3HULRG�DQG�WKH�7HUWLDU\���7���

3HULRG���,Q�PDQ\�VHTXHQFHV�RI�VHGLPHQWDU\�URFNV��LW�LV�PDUNHG�E\�DQ�XQXVXDO�WKLQ�OD\HU�RI�FOD\��

�

2PLWKLVFKLDQV���7KLV��ELUG�KLSSHG��JURXS�LQFOXGHV�DOO�RI�WKH�GLQRVDXUV�WKDW�KDG�KLSV�OLNH�ELUGV���

7KH�JURXS�LQFOXGHV�PRVW�RI�WKH�ODUJH�WZR�OHJJHG�SODQW�HDWLQJ�GLQRVDXUV��

�

2VPLXP���$Q�XQFRPPRQ�DQG�H[WUHPHO\�KDUG�EOXLVK�ZKLWH�RU�JUD\LVK�PHWDOOLF�HOHPHQW��XVXDOO\�

DVVRFLDWHG�ZLWK�LULGLXP���,WV�FKHPLFDO�V\PERO�LV�2V��

�

3DOHRQWRORJLVW���$�VFLHQWLVW�ZKR�GRFXPHQWV�WKH�KLVWRU\�RI�OLIH�RQ�(DUWK�WKURXJK�WKH�VWXG\�RI�

IRVVLOV�DQG�DQFLHQW�IRUPV�RI�OLIH��

�

�

�

�
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3KRWRV\QWKHVLV���$�SURFHVV�E\�ZKLFK�SODQWV�XVH�HQHUJ\�IURP�WKH�VXQ�WR�PDNH�VXJDUV�DQG�VWDUFKHV�

IURP�FDUERQ�GLR[LGH�DQG�ZDWHU��

�

3WHURGDFW\ORLGHD���3WHURVDXUV�ZLWK�VKRUW�WDLOV��

�

3WHURVDXULD���)URP�WKH�*UHHN�ZRUGV���SWHURQ�DQG�VDXURV����ZLQJ�OL]DUG����7KLV�LV�WKH�JURXS�RI�

IO\LQJ�UHSWLOHV�WKDW�OLYHG�GXULQJ�WKH�0HVR]RLF��

�

5KDPSKRUK\QFKRLGHD���3WHURVDXUV�ZLWK�ORQJ�WDLOV��

�

6KRFNHG�TXDUW]���0LFURVFRSLF�OLQHDU�IUDFWXUHV�LQ�TXDUW]�JUDLQV�IRUPHG�E\�WKH�EULHI�EXW�KLJK�

SUHVVXUH�DFWLRQ�RI�VKRFN�ZDYHV�IURP�D�PHWHRULWH�RU�DVWHURLG�LPSDFW��

�

7HUWLDU\�3HULRG���7KH�ILUVW�SHULRG�LQ�WKH�&HQR]RLF�(UD���7KH�7HUWLDU\�ODVWHG�IURP����WR�����

PLOOLRQ�\HDUV�DJR��

�

7ULDVVLF�3HULRG���7KH�ILUVW�SHULRG�LQ�WKH�0HVR]RLF�(UD���7KH�7ULDVVLF�ODVWHG�IURP�����WR�����

PLOOLRQ�\HDUV�DJR��

�

7RURVDXUXV���$Q�H[DPSOH�RI�D�ORQJ�IULOOHG�FHUDWRSV��

�

7ULFHUDWRSV���$Q�H[DPSOH�RI�D�VKRUW�IULOOHG�FHUDWRSV���7KHUH�PD\�KDYH�EHHQ�ILIWHHQ�GLIIHUHQW�

YDULHWLHV�LQ�WKLV�JURXS�RI�DQLPDOV��

�

7\UDQQRVDXU���$�JURXS�RI�ODUJH�FDUQLYRURXV�GLQRVDXUV�WKDW�OLYHG�DW�WKH�HQG�RI�WKH�&UHWDFHRXV��

�

5HIHUHQFHV�
�

$OYDUH]��/XLV�:���$OYDUH]��:DOWHU��$VDUR��)UDQN�DQG�0LFKHO��+HOHQ�9���������([WUDWHUUHVWULDO�

FDXVH�IRU�WKH�&UHWDFHRXV�7HUWLDU\�H[WLQFWLRQ��6FLHQFH��9RO�������1R��������S�������������

�

'L[RQ��'RXJDO��������)LQG�RXW�DERXW�GLQRVDXUV�DQG�WKH�SUHKLVWRULF�ZRUOG��*DOOHU\�%RRNV��1HZ�

<RUN��1<������SDJHV��

�

+LOGHEUDQG��$ODQ�5���3HQILHOG��*OHQ�7���.ULQJ��'DYLG�$���3LONLQJWRQ��0DUN��&DPDUJR��$QWRQLR�

=���-DFREVHQ��6WHLQ�%���DQG�%R\QWRQ��:LOOLDP�9���������&KLF[XOXE�&UDWHU��$�SRVVLEOH�

&UHWDFHRXV�7HUWLDU\�ERXQGDU\�LPSDFW�FUDWHU�RQ�WKH�<XFDWDQ�3HQLQVXOD��0H[LFR��*HRORJ\��9RO��

����S�����������

�

0HVWHO��5RVLH��������1HZ�DQJOH�RQ�D�NLOOHU"��(DUWK��9RO����1R����S��������DQG��������

�

0RQDVWHUVN\��5LFKDUG��������&ORVLQJ�LQ�RQ�WKH�NLOOHU��6FLHQFH�1HZV��9RO�������1R�����S���������

�

0RUHOO��9LUJLQLD��������+RZ�OHWKDO�ZDV�WKH�.�7�LPSDFW"��6FLHQFH�9RO�������S�������������

�

:HOOQKRIHU��3HWHU��������7KH�,OOXVWUDWHG�(QF\FORSHGD�RI�3UHKLVWRULF�)O\LQJ�5HSWLOHV��%DUQHV�DQG�

1REOH�%RRNV��1HZ�<RUN��1<������SDJHV��

�

�
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)XQGDPHQWDO�&RQFHSWV�
�

�6&,(17,),&�/,7(5$&<�)25�$//�678'(176�LV�D�1DWLRQDO�JRDO���7KH�1DWLRQDO�6FLHQFH�

(GXFDWLRQ�6WDQGDUGV�DUH�D�FRQWULEXWLRQ�WRZDUG�DFKLHYLQJ�WKDW�JRDO����'UDIW��1RYHPEHU�������

1DWLRQDO�6FLHQFH�(GXFDWLRQ�6WDQGDUGV��SUHSDUHG�E\�WKH�1DWLRQDO�5HVHDUFK�&RXQFLO��1DWLRQDO�

$FDGHP\�RI�6FLHQFH��

�

$IWHU�EXLOGLQJ�WKHVH�PRGHOV�DQG�UHDGLQJ�WKH�WH[W�DOO�VWXGHQWV�VKRXOG�KDYH�GHYHORSHG�D�EDVLF�

XQGHUVWDQGLQJ�RI�WKH�IROORZLQJ�IXQGDPHQWDO�FRQFHSWV�RI�(DUWK�DQG�6SDFH�6FLHQFH�DV�

UHFRPPHQGHG�LQ�WKH�1DWLRQDO�6FLHQFH�(GXFDWLRQ�6WDQGDUGV���6RPH�RI�WKHVH�FRQFHSWV�IRU�JUDGHV�

����DQG������DUH��

�

*UDGHV�������

��)RVVLOV�SURYLGH�LPSRUWDQW�HYLGHQFH�RI�KRZ�OLIH�DQG�HQYLURQPHQWDO�FRQGLWLRQV�KDYH�FKDQJHG�

WKURXJK�WLPH��

��7KH�(DUWK�SURFHVVHV�ZH�VHH�DW�ZRUN�WRGD\�DUH�VLPLODU�WR�WKRVH�WKDW�RSHUDWHG�LQ�WKH�SDVW��

�

*UDGHV��������

��3RSXODWLRQV�RI�RUJDQLVPV�HYROYH�RYHU�WLPH��

��*HRORJLF�WLPH�FDQ�EH�HVWLPDWHG�E\�REVHUYLQJ�URFN�VHTXHQFHV�DQG�XVLQJ�IRVVLOV�WR�FRUUHODWH�

VLPLODU�VHTXHQFHV�DW�YDULRXV�ORFDWLRQV��

��&UHDWLYLW\��LPDJLQDWLRQ��DQG�D�JRRG�NQRZOHGJH�EDVH�DUH�DOO�UHTXLUHG�LQ�WKH�ZRUN�RI�VFLHQFH�

DQG�HQJLQHHULQJ��

��&KDQJHV�LQ�QDWXUDO�V\VWHPV�FDQ�H[FHHG�WKH�OLPLWV�RI�RUJDQLVPV�WR�DGDSW�QDWXUDOO\�RU�KXPDQV�

WR�DGDSW�WHFKQRORJLFDOO\��

�

$GGLWLRQDO�0RGHOV�DQG�$QLPDWLRQV�
�

$OSKD��7DX�5KR��������+RZ�WR�FRQVWUXFW�WZR�SDSHU�PRGHOV�VKRZLQJ�WKH�HIIHFWV�RI�JODFLDO�LFH�RQ�

D�PRXQWDLQ�YDOOH\��8��6��*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW��������$	%��$YDLODEOH�DV�D�

����LQ��0$&,1726+�GLVN�RU�D����S��UHSRUW��

�

$OSKD��7DX�5KR��/DKU��-RKQ�&���DQG�:DJQHU��/LQGD�)���������+RZ�WR�FRQVWUXFW�D�SDSHU�PRGHO�

VKRZLQJ�WKH�PRWLRQ�WKDW�RFFXUUHG�RQ�WKH�6DQ�$QGUHDV�IDXOW�GXULQJ�WKH�/RPD�3ULHWD��

&DOLIRUQLD��HDUWKTXDNH�RI�2FWREHU�����������8��6��*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW����

����$	%��$YDLODEOH�DV�D�����LQ��0$&,1726+�GLVN�RU�D����S��UHSRUW��

�

$OSKD��7DX�5KR��DQG�/DKU��-RKQ�&���������+RZ�WR�FRQVWUXFW�VHYHQ�SDSHU�PRGHOV�WKDW�GHVFULEH�

IDXOWLQJ�RI�WKH�(DUWK��8��6��*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW��������$	%��$YDLODEOH�DV�

D�����LQ��0$&,1726+�GLVN�RU�D����S��UHSRUW��

�

$OSKD��7DX�5KR��������+RZ�WR�FRQVWUXFW�IRXU�SDSHU�PRGHOV�WKDW�GHVFULEH�LVODQG�FRUDO�UHHIV��8��6��

*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW��������$	%��$YDLODEOH�DV�D�����LQ��0$&,1726+�GLVN�

RU�D����S��UHSRUW��

$OSKD��7DX�5KR��DQG�*RUGRQ��/HVOLH�&���������0DNH�\RXU�RZQ�SDSHU�PRGHO�RI�D�YROFDQR��8�6��

*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW��������$	%��$YDLODEOH�DV�D������0$&,1726+�GLVN�RU�

D���S��UHSRUW��

�
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$OSKD��7DX�5KR��3DJH��5REHUW�$���DQG�*RUGRQ��/HVOLH�&���������(DUWKTXDNH�HIIHFWV��D�FRPSXWHU�

DQLPDWLRQ�DQG�SDSHU�PRGHO��8��6��*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW��������$	%�

�$YDLODEOH�DV�D�����LQ��0$&,1726+�GLVN�RU�D����S��UHSRUW��

�

$OSKD��7DX�5KR�������/DQGVOLGH�(IIHFWV��D�FRPSXWHU�DQLPDWLRQ�DQG�SDSHU�PRGHO��8��6��

*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW��������$	%��$YDLODEOH�DV�D������LQ��0$&,1726+�GLVN�

RU�D����S��UHSRUW��

�

$OSKD��7DX�5KR��6WDUUDWW��6FRWW�:��DQG�&KDQJ��&HFLO\�&���������0DNH�\RXU�RZQ�(DUWK�DQG�

WHFWRQLF�JOREHV��8��6��*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW��������$	%��$YDLODEOH�DV�D�

���LQ��0$&,1726+�GLVN�RU�D����S��UHSRUW��

�

$OSKD��7DX�5KR��DQG�6WHLQ��5RVV�6���������0DNH�\RXU�RZQ�SDSHU�PRGHO�RI�WKH�1RUWKULGJH��

&DOLIRUQLD�HDUWKTXDNH��-DQXDU\�����������8�6��*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW�����������

S��

�

$OSKD��7DX�5KR��DQG�6WHLQ��5RVV�6���������7KH�1RUWKULGJH��&DOLIRUQLD�(DUWKTXDNH�RI�-DQXDU\�����

������$�FRPSXWHU�DQLPDWLRQ�DQG�SDSHU�PRGHO��8��6��*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW����

����$	%���$YDLODEOH�DV�D�����LQ��0$&,1726+�GLVN�RU�D����S��UHSRUW��

�

$OSKD��7DX�5KR��6WDUUDWW��6FRWW�:���+HQGOH\��-DPHV�:���,,��������0DNH�\RXU�RZQ�SDSHU�IRVVLOV��D�

FRPSXWHU�DQLPDWLRQ�DQG�SDSHU�PRGHOV��8�6��*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW��������

$	%���$YDLODEOH�DV�D�����LQ��0$&,1726+�GLVN�RU�D����S��UHSRUW��

�

$OSKD��7DX�5KR��*DOORZD\��-RKQ�3���%RQLWR��0DUN�9���������6HD�)ORRU�6SUHDGLQJ��D�FRPSXWHU�

DQLPDWLRQ�DQG�SDSHU�PRGHO��8�6��*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW��������$	%��

�$YDLODEOH�DV�D�����LQ��0$&,1726+�GLVN�RU�D����S��UHSRUW��

�

$OSKD��7DX�5KR��DQG�5HLPQLW]��(UN��������$UFWLF�'HOWD�3URFHVVHV��D�FRPSXWHU�DQLPDWLRQ�DQG�

SDSHU�PRGHOV��8�6��*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW��������$	%���$YDLODEOH�DV�D�����LQ��

0$&,1726+�GLVN�RU�D����S��UHSRUW��

�

$OSKD��7DX�5KR��DQG�*DOORZD\��-RKQ�3���������2FHDQ�7UHQFKHV��D�FRPSXWHU�DQLPDWLRQ�DQG�SDSHU�

PRGHO��8�6��*HRORJLFDO�6XUYH\�2SHQ�)LOH�5HSRUW�������$	%���$YDLODEOH�RQ�D�����LQ��

0$&,1726+�GLVN�RU�D����S��UHSRUW��

�

$OSKD��7DX�5KR��6WRXW��'RURWK\�/�DQG�6WDUUDWW��6FRWW�:���������&ULQRLGV��D�FRPSXWHU�DQLPDWLRQ�
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